Water scarcity may become a real challenge in Egypt in the near future. Samples of irrigation and drainage water were taken monthly from Belbais, El-Qalubia main drains, and El-Ismailia canal to assess water quality and suitability for irrigation purposes. Salinity of water ranged between 0.33 and 2.45 dsm -1 and sodium adsorption ratio (SAR) ranged between 3.6 to 15.94. Ranges of heavy metals in mgl -1 were 1.02-6.9 for Fe, 0.05-0.49 for Mn, 0.15-1.1 for Zn, 0.005-0.2 for Cu, 0.004-0.8 for Co, 0.03-0.24 for Ni, 0.001-0.7 for Cd, 0.14-0.84 for B, 0.41-5.7 for Pb, and 0.83-9.2 for NO 3 , with cases of possible high contents of heavy metals in El-Manzala lake. According to USDA (1954), water class of Belbais and El-Qalubia main drains, and El-Ismailia canal is C 3 S 1 (high salinity, low sodicity). According to Gupta (1984) water class is C 3 S 3 (high salinity, high sodicity). For trace elements and heavy metals based on the recommended maxima of the US committee on water quality, there is no hazard for Fe, Zn, Cu, Pb, or Ni, but Cd content exceeded the permissible limits of 0.01 to 0.05 mgl -1 . Manganese exceeded the limit for continuous use in water of Belbais and El-Qalubia main drains; cobalt exceeded the limit in continuous use, but may be used for only 20 years in heavy soils. Other assessments including SAR/ SCAR were also carried out.
INTRODUCTION
Drainage waters could be a readily available source of water for irrigation. The Egyptian ministry of irrigation estimates the total annual discharge of drainage water in Egypt about 12 billion m 3 /year (FAO, 2002) . Most of it is presently disposed of in the Mediterranean Sea and the Northern lakes of Delta. An intensive expansion program for the reuse of drainage water in agriculture requires adequate, proper measures and precautions due to salinity and alkalinity problems of waters to avoid accumulation of salts in the long term of applications of these waters. Ayers and Westcot (1976) presented guidelines for evaluating water quality based on concepts introduced by U.S. salinity Laboratory such as pH c and adjusted sodium adsorption ratio (SAR). Gupta (1979a) suggested that irrigation water may be classified under five classes based on salinity and sodicity hazard and boron. pH of some wastewaters did not vary widely from that of the Nile water, and ranged from 7. 29, 7.4 and 7.40 in sewage waters to the industrial wastewaters (FAO, 2002) . El-Sherbieny et al. (1998) showed that 50% of the agricultural drainage water had pH ranging from 7.6 to 8.4. Shaban (1998) stated that the pH of irrigation water varied between 8.22 and 9.00, and that the most prevalent values of pH of Nile water, drainage water and sewage water were 8. 33, 8.34 and 8.46, respectively. Srivastava et al. (1962) reported that using sewage water having pH 7.8, EC 1.4 dSm -1 , 104 mgl -1 NO 3 -N and SAR 7.5 proved most efficient in reclaiming saline sodic soils. Zein et al. (2002) studied heavy metal concentrations of Pb, Mn, Zn, Cd, Ni and Cu in the Nile water for two seasons and obtained averages of 0.03, 0.011, 0.10, 0.004, 0.021 and http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master
Soil and Water Science 0.022 mgl -1 , for each elements, respectively. However, in drainage water the respective obtained values were 0.5, 0.19, 0.19, 0.02, 4.95 and 0.08 mgl -1 in the first season and 0.73, 0.27, 0.18, 0.030, 3.47 and 0.06 mgl -1 , respectively. Ibrahim (2004) found that many non-saline water showed a very wide range in their concentrations of heavy metals depending on variations in climate, geology and anthropogenic activities.
The present study aims at evaluating seasonal variations of drainage water in Sharkia Governorate for irrigation purposes.
MATERIALS AND METHODS

Drainage Water Sampling
Water samples were taken to represent three water sources, i.e., the end of Belbais drain (source 1), the end of EI-Qalyubia main drain (source 2), and El-Ismalia canal (source 3). The samples were taken monthly during April 2014 to March 2015. Figs. 1 and 2 show the locations of the sources. The water samples were filtered and subjected to chemical analyses (Table 1) .
Water Analyses
EC, pH, soluble cations (Ca 2+ , Mg 2+ , Na + , and K + ) and anions (CO 3 2-, HCO 3 -, Cl -) were determined adopting the methods of USDA (1954) with the sulphate being estimated by difference. Boron was determined by the curcumin method according to Jackson (1958) . Heavy metals were measured using Atomic Absorption Spectrophotometer Perkin-Elmer, model 290B, Norwalk, C.T (Perkin Elmer 3300. Ammonium and nitrate were determined by the Kjeldahl method using magnesium oxide-Devarda alloy catalyst (Chapman and Pratt, 1961) .
Quality Indices
Using the above chemical analyses, the following quality indices were determined: Ions are expressed as mmol c l -1 . ….. (2) Adjusted Sodium Adsorption Ratio (adj. SAR) calculated according to the following equation (Ayers and Westcot, 1976 (Suarez, 1981) .……. (5) Where: Ca x value is modified according to the salinity of the water, its HCO 3 /Ca ratio and the estimated partial pressure of CO 2 in the surface few millimeters of soil (PCO 2 =0.0007 atmospheres), and Mg in the water. The Ca x , value represents the Ca that is expected to remain in solution in the soil water at equilibrium. The obtained adj. R Na is used in place of the SAR to evaluate the potential Na hazard which can cause an infiltration problems if used for irrigation.
Estimated exchangeable sodium percent (ESP) expected in the soil using the SAR of water, this equation was as follows (USDA, 1954) . The Permeability Index (PI) was calculated as follows (Doneen, 1964): 100 Mg Ca Na HCO Na PI 
RESULTS AND DISCUSSION
Water quality was evaluated on basis of salinity, sodicity, residual sodium carbonate, boron, heavy metals and nitrogen. Tables 1, 2 and 3 show the chemical analyses of water samples from the 3 sources of Belbais, El-Qalubia main drains, and El-Ismailia canal taken during April 2014 to March 2015. Lands where the two drains run through range from highly productive Nile alluvia to saline lacustrine soils. Thus water characteristics of drains would be affected by the nature, composition and salinity of soils from which the water were drained. Also lakes, sea and human activities would affect the properties of water of the drains drainage waters. All locations where water samples were taken are in the eastern part of Nile Delta.
pH
The pH values show that waters were slightly alkaline in all the studied drains and ranged between 7.1 to 8.3 such values are within the normal range of the FAO Guidelines for water quality (Ayers and Westcot, 1976) .
Salinity
Classification of irrigation water with respect to salinity hazard is based primarily on the possible development of salinity in soil to the extent that yields are adversely affected. Drainage water analysis of the present study shows that water had below 2 dSm -1 and salinity was lower in the summer than in the winter and the highest values occurred in February, due to holding back of Nile irrigation water during the winter closer period in January to February, in addition to the use of large quantities of Nile water for irrigation of summer crops particularly rice. The mean values of EC for the three water sources of 1(Belbais drain), 2 (El-Qaliobia drain) and 3 (Ismailia canal) were 1;57, 1.54 and 0.34 dSm -1 , respectively. Based on the classification of the U.S. Salinity laboratory staff (USDA, 1954) , the water of sources 1 and 2 could be classified as class C 3 (highsalinity water with EC between 0.75 and 2.25 dSm -1 , whereas water of source 3 could be classified as class 2 (0.25-0.75 dSm -1 ). Based on the FAO Guidelines (Ayers and Westcot 1976 ) the water could be classified as class two "C 2 " (less than 0.75 dSm -1 ), which indicates increasing problems, whereas water of source 3 was class 1 "(less than 0.75 dSm -1 ).
Sodicity
The parameter of "sodium adsorption ratio" (SAR) proposed by the USDA (1954), the waters range from no-sodicity hazard to sodicity hazard annual mean values for water were between 3.21 and 14.72, high during the winter and low during the summer. The high value indicates a sodicity hazard.
Regarding the parameter of Adjusted sodium hazard (adj. R Na) proposed by Gupta (1979a) , values ranged between 1.30 and 12.09 indicating low to high sodium hazards.
Chlorides and Bicarbonates
Chlorides ranged between 0.18 and 2.85 mmolcL -1 indicating classes ranging from no problem to increasing problems according to the FAO Guidelines (Ayers and Westcot, 1976) . The waters of the Qalubia and Belbais drains had higher values than water of Ismailia canal. Also according to FAO Guidelines, values of HCO 3 ranged between 0.01 and 0.95 which indicating no problem. Water of the two drains showed higher values than water of Ismailia canal. On the other hand the pHc values of the water sources ranged from 8.8 to 8.9 (below 9.0), indicating the ability to precipitate soluble calcium.
Soluble mineral NO 3 -N
The values of NO 3 -N ranged from 0.9 to 9.7 mgl -1 . waters of the two drains had high values 5.3 to 9.7 mgl -1 . Whereas water of the two drains indicating no-problem and increasing problems. Ismailia canal had low values of 0.8 to 0.9 mgl -1 , indicating no problem class., these results are similar to those reported by El-Sherbieny et al. (1998) , Abdel-Hamid et al. (2000) , Soliman (2000) and Alnaimy et al. (2012) .
Boron
Boron ranged from 0.14 to 0.34 mgl -1 indicating low in Ismailia canal and relatively high in the two drains. However, contains in the three samples were of no B hazards (Branson et al.,1975; Soliman, 1983; Gupta, 1979b) . These water can thus be used for most crops in most soils. • Water quality class according to USDA (1954); C 1 , C 2 , C 3 , C 4 are low, medium, high and very high salinity; S 1 , S 2 , S 3 , S 4 are low, medium, high and very high sodicity respectively.
•• SCAR : Sodium, calcium activity ratio = Na/√Ca. in me/l (Gupta 1984 ).
••• ICAR water quality class according to Gupta (1979 a; b) ; C 0 , C 1 , C 2 , C 3 , C 4 ,C 5 are non, normal, low, medium, high and very high salinity; S 0 , S 1 , S 2 , S 3 , S 4 ,S 5 are non, normal, low, medium, high, and very high sodicity, respectively. • Water quality class according to USDA (1954); C 1 , C 2 , C 3 , C 4 are low, medium, high and very high salinity; S 1 , S 2 , S 3 , S 4 are low, medium, high and very high sodicity, respectively.
••• ICAR water quality class according to Gupta (1979 a; b) ; C 0 , C 1 , C 2 , C 3 , C 4 ,C 5 are non, normal, low, medium, high and very high salinity; S 0 , S 1 , S 2 , S 3 , S 4 ,S 5 are non, normal, low, medium, high, and very high sodicity, respectively. • Water quality class according to USDA (1954); C 1 , C 2 , C 3 , C 4 are low, medium, high and very high salinity; S 1 , S 2 , S 3 , S 4 are low, medium, high and very high sodicity respectively.
•• SCAR : Sodium, Calcium activity ratio = Na/√Ca. in me/l (Gupta 1984) .
••• ICAR water quality class according to Gupta (1979 a; b) ; C 0 , C 1 , C 2 , C 3 , C 4 ,C 5 are non, normal, low, medium, high and very high salinity; S 0 , S 1 , S 2 , S 3 , S 4 ,S 5 are non, normal, low, medium, high, and very high sodicity, respectively. 
Micronutrients
Data in Tables 4 , 5 and 6 show that ranges of micro-nutrients and heavy metals were 1.02-6.9 for Fe, 0.15-1.1 for Zn, 0.05-0.49 for Mn, 0.005-0.2 for Cu, 0.004-0.08 for Co, 0.03 -0.24 for Ni, 0.001-0.07 for Cd, 0.14 -0.84 for B, 0.41 -5.7 for Pb, and 0.83 -9.2 for Nitrate. These values are in agreement with Ramadan (1995) and Mohamed et al. (1999) on basis of US committee on water quality (Branson et al., 1975) waters of the three sources may be assessed as follows:
1. For Fe, Zn, Cu, pb and Ni all waters of the 3 sources are within the maximum permissible limit whether used continuously or used for of up to 20 years on heavy soils.
2. For Cd: of the two drains exceeded permissible limit.
3. For Co : waters of the two drains could be within the permissible limit if used continuously on all soils; but below the limit if used for up to 20 years on fine textured soils of pH 6 to 8.5.
4. For Mn: waters of the two drains exceeded the permissible limit regarding continuous use.
Regarding use for up to 20 years on fine textured soils, waters of the three sources have contents below the permissible limits.
Accumulation of heavy metals in soil, leads to their adsorption by soil colloids, such as clay minerals and iron and aluminium oxides. They may also form complexes with soil organic colloids as well as with the slightly soluble inorganic compounds such as hydroxides, hydrous oxides, carbonates and phosphates. Equilibria between metal ions and soil components may be considerably altered, if the heavy metal is in high contents. On the other hand, these metals can be leached into the ground water either in ionic forms or as soluble complexes with organic substances (Willems et al., 1981; Abdel-Aal et al., 1988) . Ramadan (1995) reported that Manzala lake water near Bahr El Bakar drain showed average contents (mgl -1 ) of 8.90, 0.63, 1.98, 0.59, 0.44, 0.77, 0.10 and 5.90 for Fe, Zn, Mn, Cu, Co, Ni, Cd, Pb. 
Conclusive Assessment on Suitablility of Waters for Irrigation
The obtained data show that the two drainage waters were classified as class C 3 S 4 i.e., of high salinity high sodicity hazards according to the classification of the US Salinity Laboratory (USDA 1954) , Water of Ismailia canal was C 2 S 2 i.e., medium salinity, medium sodicity. The waters of the drains can be used with care for crops which are tolerant to salinity such as cotton and barley. Also, they may be used for irrigation of crops grown on coarse textured soils with less hazards than those grown on fine textured ones. According to Gupta's classification, waters would be classified as follows:
(1) Water of El-Qalubia drain: A 1 B 1 C 1 (i.e. normal water with regard to sodicity, boron and salinity).
(2) Water of Belbais drain: A 1 B 1 C 1 (i.e. normal with regard to sodicity and boron, but with low salinity hazards).
(3) Water of Isamilia canal: A 1 B 1 C 1 (i.e. normal water with regard to sodicity, boron and salinity). Branson et al., 1975) 
